drive with his uncle on his rounds in the pony cart. He was much touched by the glimpses he saw of the patients' gratitude and became fired with that enthusiasm to work for the prevention and cure of disease which never left him.
There was great opposition from the family to this change of career but, through his own determination and with the help and sympathy of his step brother Howard, he was eventually allowed to begin to study for the Matricu lation of the London University, on the understanding that if he passed he could leave his father's office. This project involved attendance at evening classes at Birkbeck College and King's College; it also involved an intensive study of elementary chemistry. Martin used to relate how he bought for twopence a second-hand copy of A hundred experiments in chemistry for one shilling. With characteristic determination and industry, some simply con trived apparatus and a few chemicals, he worked through the one hundred experiments in an outhouse in the garden at Hackney. By this simple, if dangerous, expedient Charles as he put it, 'received enlightenment' and afterwards adopted the method in his teaching, being convinced that the first step in learning a science was for the student to experience the phenomena. At the age of 17, in the year 1883, he passed his matriculation. Thereafter, according to the agreement with his parents, he took affectionate leave of his home, hired a bed-sitting room in New Bridge Street and became a medical student at St Thomas's Hospital.
It is a curious fact that, at this time, his parents appeared to be quite unaware of the exceptional gifts of brain and character possessed by their youngest son and that little direct encouragement was given to him when a boy in his efforts to acquire further education. It must be remembered that his father was by that time an elderly man in his seventies and had been the father of thirteen children. Charles was the youngest of his sons, so that he might justifiably have been weary of arranging their careers. His mother, however, was a relatively young woman and unusually well educated for that period. In course of time her deep attachment led to sympathy and under standing. She became extremely proud of her distinguished son and they were in close association until her death in 1917, at the age of 87.
At St Thomas's Hospital Martin concentrated his efforts on the study of physiology. Some of the pre-medical studies in the first year were taken at Guy's Hospital and here Martin found a congenial fellow student in Ernest Starling. At the same place Gowland Hopkins was working as an analytical chemist in the newly equipped forensic laboratory. These three young men became lasting friends and Martin would relate how Hopkins, discovering his interest in chemistry, would allow him to 'potter about' in his laboratory and would discuss with him chemical problems in physiology. Soon they were in the habit of lunching together at a neighbouring A.B.C. tea shop and deciding to forego a bun a day to enable them to purchase Nature and thus keep abreast of the latest scientific news. Martin recalled also his 'youthful effrontery' in urging Hopkins to abandon his career as an analyst in order to study medicine and devote his talents to research in physiological chemistry, an ambition which was realized when with a studentship granted in 1888 Hopkins was enabled to start formal medical studies at Guy's Hospital. M artin never lost his interest in chemistry and throughout his long scientific life displayed a sound working knowledge of the growing science of bio chemistry.
He took the B.Sc. degree of the University of London with Honours in Physiology in 1886, and was awarded the University Gold Medal and Scholarship worth £50 a year for 2 years. W ith the proceeds, he went to Leipzig to work under Carl Ludwig, whom he described as his 'physiological hero'. He had been in Leipzig, however, only six months when he was offered the position of Demonstrator in Biology and Physiology and evening Lecturer in Comparative Anatomy at King's College by Professor G. F. Yeo, F.R.S. Professor Yeo had been his examiner in the B.Sc. examination and was obviously impressed by the quality of the candidate. M artin held this post from 1887 to 1891, at first under G. F. Yeo and later under W. D. Halliburton. He managed at the same time to continue his medical education. The duties at King's College did not occupy his whole time but during the term kept him busy most of the day; when these were discharged and in the vacations he was able to work at St Thomas's Hospital. He confessed that his 'medical education was rather muddled owing to the necessity of earning his living'. He qualified as M.R.C.S. and L.S.A. in 1888 and took the M.B. degree of London University in 1890.
First Period in Australia 1891-1903
In 1891 M artin resigned his position as Senior Demonstrator in the Department of Physiology at King's College to accept an invitation from Australia to succeed Almroth Wright as Demonstrator in Physiology at the newly formed Medical School in the University of Sydney. At that time the salary offered for a junior member of an academic staff was considerably higher in British Universities overseas than in the univer sities of this country and the change enabled Charles M artin to marry. His marriage to Edith Cross, daughter of Alfred Cross architect of Hastings, took place shortly before the departure for Sydney. It was the result of a long friendship with the Cross family, whose three sons had been pupils with him in the school at Hastings.
On arrival at Sydney, M artin found that Wright had 'less than a dozen students to teach; his teaching had no doubt been unconventional and mostly conversational, but he had founded a research laboratory and had exerted a great influence on both his pupils and colleagues. The results,' M artin confessed, 'I had the advantage to inherit'. The quality of M artin's own teaching in Sydney and later in Melbourne made so lasting a contribution to the progress of medical education in Australia that the phrase 'the M artin spirit', has survived to this day, more than half a century later. It was fully born in Melbourne and there were delightful sailing and fishing holidays to be enjoyed by the family. These included trips to Tasmania and sometimes as far afield as New Zealand. M artin often spent his spare time camping and •canoeing in more or less unknown country where bush expeditions had the additional spice of exploration, and in his vacations he sometimes took a 'holiday with pay' as locum for an 'up-country' doctor in the bush, where the rounds were made on horseback and where, in addition to his pleasure in riding, he gained useful clinical experience. During term time in the city tennis was his favourite form of exercise.
As a young teacher in Australia M artin already displayed his gift of inspiring devotion in those who worked with him. It was due in part to an engaging simplicity which made him helpful and concerned for all his fellowworkers, whatever their status. For more sophisticated friends he possessed a whimsical charm which, enhanced by an unusual and apt choice of words, made conversation with him delightful and exciting. His way with his humbler friends is shown characteristically by an experience in later life when, after a severe attack of influenza, he spent a lengthy convalescence in a Cornish fishing village. He made friendly contact with two fishermen brothers by helping them to repair the motor of their fishing boat. Later, when one of the brothers fell ill, he himself became the temporary partner of the other, taking his full share in the fishing operations and in marketing the catch in the neighbouring town. He would relate with pride that he earned six pounds in the four weeks that he followed fishing as a trade.
M artin developed a great liking for the Australian people whom he found very congenial, and the attraction was mutual. He remained in close touch with many of his early Australian friends for many years after his return to England, and, as Director of the Lister Institute, he welcomed a constant stream of young Australians who passed through the Institute to gain experi ence in post-graduate research.
Director of the Lister
, 1903 -1930 In 1903 M artin returned to England to become the first director of the Lister Institute of Preventive Medicine, then in the early years of its existence. He occupied the position with conspicuous distinction for 27 years until his retirement in 1930 at the age of 65.
At the time of his appointment the Institute had a small scientific staff of about twenty and less than a dozen guest workers. In six years, although the size of the established staff had barely changed, the number of guests had increased to thirty. Many of them were graduate workers, holding scholar ships and fellowships from various universities and other countries; they enjoyed the hospitality of the Institute with free use of all its resources. A list o f their names reveals how many of those who have since gained distinction in bacteriology, biochemistry or physiology were at some time connected with the Lister Institute and worked in its laboratories.
For direction of research M artin possessed the rare gift of being able to perceive the heart of a problem and decide how it might best be tackled. His advice to the young research worker was to investigate one point at a time and thus to limit his attention to a problem which might reasonably be expected to yield an answer. His guidance as to which aspects might most profitably be studied with the means available was of the greatest value in training the young worker who, as he would express it, was often apt to start away in an attem pt to 'investigate the universe'. Direction was nevertheless combined with great freedom. Criticism there certainly was and, if need be, it was blunt and disconcertingly direct, for humility and scientific integrity are qualities not necessarily inherent in the beginner. Sometimes the criticism was hard to accept at first but, with rare exceptions, its high value and friendly intention came to be appreciated. Fools were never suffered gladly and the impatience aroused by insincerity or pomposity often caused resentment.
The years of M artin's directorship are marked by a continuous stream of im portant original work from the members of his staff and from the guest workers accommodated at the Institute. Very few of the one-thousand odd publications issuing from the Institute at this time will be found to bear M artin's name, although there must have been few that did not owe much to his instigation, inspiration and personal help. He was the most unselfish of directors and seemingly devoid of personal vanity or ambition. His one concern was that the work should be done and done well, by whom it might be published was of minor importance except in so far as a chance might be given to junior workers to achieve some reputatiom. Preventive medicine was interpreted in a wide sense and the subjects studied varied, as he described it, 'from the epidemiology of plague to the coagulation of proteins by heat or alcohol; from the cause of purpurahaem orrhagicc to the synthesis of vitam from the biology of virus infections to the statistical study of cancer incidence; from the mechanics of the disinfection process to the prevention of scurvy and beriberi; from the fermentation of sugar to the domestic habits of the body louse'.
Among the subjects of research on which M artin worked personally during his time at the Lister Institute, the results of which were published under his own name, were, chiefly, the epidemiology of bubonic plague, the chemical and physical properties of proteins and the mechanism of their heat coagulation, the biological and nutritive value of different proteins, the role of vitamins in nutrition and the diseases caused by nutritional deficiencies. He also continued his researches on thermal regulation in man and the problems connected with physical work in hot climates. The results of these and other researches are described under separate headings.
M artin exerted a considerable influence on preventive medicine in a wider sense by the inspiration he gave as member or chairman to various official committees. In 1904, Work on nutrition at the Lister Institute had its beginning about 1911 when studies on the etiology of beriberi and its connexion with a rice diet were undertaken at the request of Dr Leonard Braddon, a medical officer of the Federated Malay States who was a pioneer in research on beriberi. At the same time Casimir Funk was working as a guest in the department of chemistry and was attempting to separate the anti-beriberi principle from rice polishings and yeast. During the First World War, work on different vitamins and their quantitative distribution in foods was much extended in response to the needs of the fighting forces overseas and the civil population at home. From that time onwards for over 30 years research on vitamins and on other aspects of nutrition occupied members of the staff and many guest workers. It also enjoyed the special interest of the Director as well as his personal collaboration.
In the summer of 1912 M artin made a short visit to Angola in Portuguese South West Africa, in the company of Professor J. W. Gregory who at that time occupied the Chair of Geology at the University of Glasgow. The expedition was sent by the Jewish Territorial Organization under the auspices of the Portuguese Government, to examine and report on the Banguella plateau as a possible territory for a permanent Jewish Settlement. M artin was invited to join the expedition in order to study the public health aspects of the area, with special reference to the presence of the tsetse fly, sleeping sickness and other diseases of man and animals. The expedition was largely carried out on foot and was after his own heart. He found that the Banguella plateau, 4000 to 6000 ft. above sea level, possessed a fine climate and was remarkably free from tropical diseases. The expedition was followed by no practical action, but it is interesting at this date to reflect upon the difference there might have been in the course of world affairs, had the territory been accepted as the Jewish National Home.
Service in the First World
, 1915-1918 In common with almost every male member of the Institute's staff M artin did military service abroad in the First World W ar. In the summer of 1915 he joined the medical service of the Imperial Australian Forces, was gazetted Lt.-Golonel and attached to No. 3 Australian General Hospital at Mudros Bay on the island of Lemnos, the base for the Gallipoli Campaign. W ith his genius for creating something out of nothing he swiftly improvised and equipped an efficient pathological laboratory where the work soon increased to include some service for all the hospitals at Mudros comprising more than 10000 beds. W ith the help of a small staff, careful diagnosis was made of the mass of enteric fever cases which were flowing into the hospitals. It was revealed that most of them were due to infection with paratyphoid A and B and only a very small proportion were caused by the typhoid bacillus, against which the troops had previously been vaccinated. The recommendation was therefore made that the Australian troops should in future be inoculated with vaccine containing the paratyphoid as well as the typhoid bacillus. In accepting and acting upon this advice, the Australian Army Medical Corps was in advance of the British Medical Service.
M artin made a study also of the infectious jaundice which was so common in the Dardanelles area that in some units 25 per cent of the strength was affected. In opposition to the accepted opinion that infectious jaundice was a late manifestation of paratyphoid infection, he considered that it was due to a separate specific infection, a conclusion which was abundantly confirmed.
When the Gallipoli Campaign was closed at the end of 1916, the 3rd Australian General Hospital was moved to Egypt and set up at Abbasieh. The move of the pathological laboratory was 'an infernal nuisance' for, as M artin reported, he had just got it 'workable and convenient'. In particular he prized an acetylene generation plant which he had made 'with great pride out of oil drums and odds and ends. It worked beautifully', providing 10 points, which included supplies for lighting, blowpipe and dark ground illumination for microscope work, with everything ' just as convenient as gas'. With five working hours of darkness daily, this was a great boon.
Nevertheless, work was soon in full swing again in the Cairo laboratory with attention turned to the differential diagnosis of the amoebic and bacillary types of dysentery which were infecting the Australian troops. M artin was soon called upon to advise on matters of importance for the military opera tions in the Eastern Desert which affected both Australian and British Forces engaged in the Palestine campaign. Cholera had occurred and was a serious menace. M artin's plan, which was adopted, was to set up in the forward area 'diarrhoea camps' with temporary field laboratories attached to each, where cases of suspected serious infection could be diagnosed and treated on the spot instead of being sent back to the base. His scheme was successful in preventing the disaster which could have followed the spread of infection across the Suez Canal into the crowded population of Egypt. The advantages were many. Range of transport for the sufferers was limited, diagnosis was not delayed, the patients were treated promptly and mild cases could be returned to their units in a relatively short time.
Early in 1917 M artin was recalled to England to give advice on cerebro spinal fever. It had occurred among troops arriving from Australia and many of the staff at the Australian Administrative Headquarters were found to be carriers of the Weichselbaum diplococcus. On M artin's advice a Central Pathological Laboratory for the London Command of the Austra lian Imperial Force was set up at the Lister Institute for diagnosis of the different strains and for control of carriers by methods which he designed.
In a few months, however, M artin was abroad again, this time in France where he was seconded to become Assistant Adviser in Pathology to the British Expeditionary Force, Sir William Leishman being the Principal Adviser. M artin became also a member of the Advisory Council on Medical Matters in France. In spite of his many official duties, research was continued at No. 25 Stationary Hospital in Rouen, with a staff which included Captain (later Sir) Percival Hartley, an old Lister colleague, and some trusted Australian workers. Papers were published on the serological and bio chemical properties of different types of dysentery bacillus and on a study of the influenza epidemic which occurred among the staff of the hospital in the summer of 1918. M artin remained at Rouen until he was demobilized at the end of the year.
The extent to which M artin's service to the Australian Army Medical Corps was valued can be gleaned from the many appreciative references to his influence and work contained in the Official History of the Corps written by A. G. Butler. M artin was twice mentioned in dispatches and received the honour of C.M.G. for his contribution to the war effort.
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The Lister Institute after the First World War 1919-1930 In spite of the disorganization caused by the First World W ar and the scattering of the Institute's staff, normal work was quickly resumed when the war was over. Not long before its outbreak, M artin had been appointed Professor of Experimental Pathology of London University and his own laboratory was accordingly renamed the Department of Experimental Pathology. During the absence of its chief it had grown in size by the addition of many women science graduates engaged temporarily to assist in work on the distribution and properties of vitamins, which was undertaken to supply the urgent needs of the forces and to improve the nutrition of the civil popula tion. After the return of the Director in 1919 nutrition continued to be one of the chief preoccupations of his Department. The small permanent staff became enlarged by the addition of many guest workers who grew in num ber until about a dozen were usually attached to the Department. M uch of the research during this period was concerned with the newly discovered vitamins and was largely of a pioneer nature. It included some of the earliest investigations on the biological action of those already recognized and laid foundations for the study of others to be isolated many years later. Among the investigations which owed much to M artin's inspira tion and help, although published under the names of his colleagues, were a scries on the sources of vitamins A and D in nature and on the conditions of diet and environment determining their concentration in the milk of cows. In a later period much of the time and work of the Department was devoted to early studies on the separation of the different members of the vitamin B complex.
Research on the nutritive value of proteins in many common foods was carried on with nitrogen-balance experiments on laboratory rats and on lines similar to those made by M artin on himself which are described elsewhere. The discovery by M argaret Boas-Fixsen that the toxicity of dried, raw egg white for young growing rats was apparent when it provided the sole source of protein in the diet, and that the disease produced was due to a deficiency which could be corrected by small amounts of other foods, foreshadowed the discovery of the essential nutrient now known to be biotin.
While intimately concerned with the work on nutrition going forward in his department, M artin was engaged also with his personal experiments on heat regulation during physical work under varying conditions of air tem perature and moisture, which are described in a separate section of this memoir.
Towards the end of his time at the Lister Institute M artin, together with Dr Elizabeth Lepper, attacked several physiological and bacteriological problems which were of concern to the clinical pathologist. Simple and reliable micro-methods were evolved whereby changes in the bicarbonate concentration of the blood and pH of the plasma could be followed without undue disturbance to the patient, the amount of blood required being only what could be obtained by a prick of the ear or finger. The effect of changes in temperature upon the pH of blood corpuscles was found to be the same as for plasma, so that from determination of the pH of plasma at room tem perature and the known correction to be applied to obtain the pH at 37°G, the pH of the blood circulating in the body at 37°C could be arrived at.
Problems connected with adjusting the reaction of culture media for culture of growing bacteria were also tackled. The interference of salts with the colorimetric method of determining pH with indicators was studied with phenol red and varying concentrations of NaCl. The presence of proteins also caused aberrations of the colorimetric method. W ith phenol red and neutral red the colour obtained was decreased by presence of serum albumin and increased by that of serum globulin.
W ith Dr Lepper, M artin made a study of the principles underlying the usefulness of adding cooked meat muscle to media for cultivating anaerobic bacteria and of the way in which a reducing system was thus produced. Muscle from which the blood had not been washed away before boiling was found to possess a powerful reduction potential and to retain the ability of absorbing oxygen for several weeks, an action due to the presence of haemochromogen derived from the haemoglobin of the flesh. The ability of boiled meat to permit growth of anaerobic bacteria in open vessels was thus explained, as also was the reason why damaged muscles provided an excellent environment for the propagation of the anaerobic organisms that cause gas gangrene.
Charles James M artin
• Second Period in Australia 1931 Australia -1933 On 31 December 1930, a few days before his 65th birthday, M artin relinquished his directorship of the Lister Institute, to the distress of the staff and to his own sorrow. Asked whether it was really necessary for directors of the Institute to depart strictly at the statutory age limit, his characteristic reply was that it might not always be desirable but was a necessary precedent to be followed in the case of the first director. For M artin it was a retirement in name only for he had accepted the invitation of the Australian Govern ment's Council of Scientific and Industrial Research to become director of its Division of Animal Nutrition at the University of Adelaide. This Institute, founded in 1927 and directed until his untimely death in 1930 by Professor T. Brailsford Robertson, had been without a leader for many months and much was hoped from the presence, for even a limited period, of an experi enced and successful director of research. It was no easy matter for a man of M artin's age to shoulder so exacting and responsible a position. With his usual diligence he made a point, before leaving England, of visiting different veterinary research establishments in the United Kingdom to acquaint him self with the existing state of knowledge about the nutrition of farm animals and on the way to Australia he called at South Africa to visit the Veterinary Institute at Onderstepoort. M artin's arrival at Adelaide in April 1931 was the beginning of about three years' happy and profitable association with the existing staff. As happened after his earlier sojourn in Australia, his influence has survived the 20 odd years which have elapsed since his departure and is still a living inspiration. The development of the Institute to its present state of importance can be traced to the urge it received in the early thirties under M artin's guidance. Its work, as befitted an Australian concern, was centred upon the nutrition of the sheep and on its protein and mineral requirements, which were of special practical importance because of the deficiencies suspected, and since proved, in the mineral content of some Australian pastures. Certain of these areas were known to be deficient in phosphorus and M artin applied himself to the study of phosphorus in the nutrition of sheep and lambs. In addition to inspiring investigations designed to reveal and correct the nutritional lim ita tions of the A ustralian pasturage, he devoted m uch thought to current husbandry practices and to the pests suffered by wool-bearing sheep. A crude surgical operation made on the breech of the merino sheep had been found to render it less liable to attack by the blow-fly. M artin's simple device of extending the cuts made in the skin of the lam b when 'tailing' was found to decrease greatly the risk of fly strike and this operation is now widely and successfully employed in sheep station practice.
M artin was created Professor of Biochemistry and General Physiology at the University of Adelaide and received the honorary degree of Doctor o f Science.
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Biographical M emoirs
Retirement at Cambridge 1933-1955
By the end of 1933 M artin had settled at Roebuck House, Old Chesterton. M any years earlier, when attending a summer meeting of the Physiological Society a t Cambridge, he had slipped away from the hot lecture room in the late afternoon to take a walk and get some fresh air. As he strolled with his colleague J . B. Leathes along the south bank of the river towards the ferry a t Old Chesterton, Roebuck House on the opposite bank with its fine lawn stretching down to the w ater looked so attractive that M artin declared that he should love to end his days in th at place. So indeed it came to pass. T he interesting old house, its good garden and over-abundant supply of outhouses was entirely to his taste. He took the greatest pleasure in the garden and was able to indulge his hobby for 'tinkering' in a well-equipped workshop.
His retirem ent was again only nominal as far as scientific work and interests were concerned. He was soon engrossed in an experimental research on Myxomatosis cuniculi, undertaken at the instance of the Australian Council o f Scientific and Industrial Research 'with a view to the use of the virus in the control of rabbit plagues'. The experiments which were carried out from 1934 to 1936 in the D epartm ent of Animal Pathology of Cambridge University, and the practical results which followed are described in detail later in this memoir.
Then followed a couple of years' work on pellagra induced in pigs on maize diets, and on the protein and vitamin requirements of swine. The research was made in collaboration with his colleagues at the Lister Institute and, like that on myxomatosis, enjoyed the hospitality of the D epartm ent of Animal Pathology and kept M artin busy until about 1938. House 1939 House -1945 W ith the outbreak of W ar in 1939, a new phase of activity developed in M artin's retirement. At the Lister Institute the Division of N utrition was occupied largely with experiments on animals. It was unable to continue working in London and, concerned for the safety of its valuable breeding stock, was searching without much success for a quieter place in which to carry on. The unit had continued in close touch with its former chief and, when his invitation came to take possession of the spare rooms at Roebuck House, it was gratefully accepted. The house had once been an inn and proved to be unusually well adapted for its new vocation. The spacious and well-heated conservatory made a famous animal house, an old coach house affectionately known as the 'mediaeval lab', was converted into a laboratory for rougher chemical work and preparation of food products, the workshop was pressed into the service, and office and library accommodation was pro vided in the house proper. The necessary arrangements for water, gas and electricity were quickly made under the host's direction and largely with his own hands, in spite of his seventy odd years. A firm bench on which to stand fine balances was hard to arrange in so old a house, but a shelf was finally fixed in the wall of M artin's own room which in turn was invaded also by the evacuees. Under these conditions more than five years were spent in happy and profitable work on vitamins and proteins. For finer chemical work a more suitable home was found at the Biochemical School and for nutri tional experiments with large animals at the Department of Animal Pathology. Roebuck House, however, remained the headquarters of the unit. Its host, described by himself as 'chief technical assistant', was indeed all that and a very great deal more, for he was always at hand to share his invaluable experience and wise judgm ent and frequently to take a not inconsiderable part in the actual experiments.
The Division o f Nutrition from the Lister Institute at Roebuck
The energies of the workers were naturally directed to problems connected with the food supply for this country in war conditions and attention was centred largely on the potato as the most important home-produced food and on wheat as the source of our bread. The protein quality and vitamin content of the different portions of the wheat grain were exhaustively studied, and the information gathered and communicated through the Accessory Food Factors Committee of the Medical Research Council and the Lister Institute enabled the authorities to decide which portion of the wheat grain should be included in the flour used for bread making, in order to ensure the most nutritious National Loaf. Studies were made of the supplementary nutri tional effect between the proteins of different common foods, for example those of wheat and potato, and between those situated in different portions of the same food. In the wheat grain a supplementary effect was demonstrated between the proteins situated in the outer layers of the grain (bran) and those contained in the endosperm. M artin took an important part in this investi gation and allowed himself to be included among the authors of a paper published in 1948 when he was in his 83rd year.
The establishment at Roebuck House constituted an institute-in-miniature with M artin as Director and there is little doubt that he derived much pleasure from the association and from the opportunity thus offered to promote useful scientific work in those critical years. Lady M artin shared fully in the generous hospitality offered to the Lister workers. H er sitting room which opened directly into the conservatory-animal-house could not, in spite of all efforts, be kept entirely free from evidence of its proximity. H er kindly tolerance, however, never permitted any suggestion that anything was noticed. M artin's association with Australia was continued in these later years. From 1938 to 1949 he acted as scientific adviser to the International Wool Secretariat, in response to requests for advice on the nature of the research to be undertaken and on the selection of research fellows. M artin's influence can be traced in the decision of the Secretariat to support fundamental research on wool and the accuracy of his judgm ent was shown in the choice of two future Nobel Prizemen amongst the research fellows appointed. The investigations were carried out at Leeds in the laboratories of the Wool Industries Research Association and in the Biophysics Laboratory of the Department of Textile Science. Even when advanced in his seventies M artin made periodic visits to these Departments which, on his recommendation, received grants from the Secretariat, in addition to the funds needed to maintain the research fellowships. As its Scientific Adviser he was responsible for the financing and promoting of wool research in the United States and all the European countries.
From 1934 to 1946 M artin was chairman of the small governing body which controlled the activities of the Dunn Nutritional Laboratory at Cam bridge. He took an active interest in the work and the Director and Staff have testified to their appreciation of his interested and sympathetic guidance.
The last years of M artin's life were saddened by the long illness of Lady M artin followed by her death in 1954 and by his own long period of illhealth which curtailed his physical activities. Unable to take his usual strolls or to tinker in his workshop, he became confined to his room and his failing eyesight prevented much reading. He endured these deprivations with much patience and some alleviation was granted from a new interest he developed in listening to music. W ith the help of his wireless set he was able to enjoy a wide range of classical music. In spite of physical weakness his scientific interests and curiosity about recent developments remained keen and un impaired and he was able to enjoy short visits from old colleagues and the scientific discussions which took place at these meetings. He had entered his 90th year when he died.
D etails of Five Important R esearches SNAKE VENOM
Soon after arrival in Sydney, M artin became interested in the study of snake venom and its physiological action and in little more than a year had published two papers on the subject. Among its indigenous snakes Australia provided one of the most poisonous known, Notechis scutatus the 'tiger snake', whose venom exceeded even that of the King Cobra {Naja tripudians), as well as the 'black snake' (Notechis pseudechis), which was less poisonous. M artin's researches, done chiefly with the venoms of these two Australian snakes, have become classic for their scientific importance and valuable for their practical application to the treatment of snake bite in man. In this work, M artin showed the qualities which always characterized his method of approach to scientific problems and his way of solving them. His technical skill was evident in the ingenious method he devised for handling the snakes and collecting the poison; his quantitative bias in the accurate measurement of dosage, calculated always by dry weight, and his careful control of external conditions such as time and temperature. His wide knowledge of physiology was shown in the interpretations he was able to draw from the results of his animal experiments with dogs and rabbits.
The poison of the black snake he found to be of a protein nature and to contain at least three constituents: a neurotoxin causing paralysis, especially of the respiratory system, a cytolytic substance causing destruction of blood cells and of the endothelial lining of the blood vessels, and a blood-coagulating enzyme which caused intravascular clotting. There was evidence that similar principles were present in the venoms of most snakes and that the effect of the bite depended on their relative proportions. In the case of the Australian black snake the blood clotting principle was in preponderance and, after a fatal dose, dogs showed wholesale destruction of blood cells and thrombosis. If, however, the venom was heated to from 82 to 85 °C, when a coagulable protein was precipitated, 500 times the usual dose was needed to cause death by intravascular clotting. This result suggested that the blood clotting principle in the venom was a protein which suffered coagulation and destruc tion by heat. Further, a marked difference was observed in the results following intravascular or subcutaneous inoculation of a minimal fatal dose. Whereas, when the venom was introduced directly into circulation death was due to thrombosis it was caused by paralysis of the respiratory centre if the inoculation was subcutaneous. This difference in effect according to the method of injection was not confined to the venom of Australian snakes but had been observed with other venoms and had given rise to much confusion. M artin concluded that the difference was connected with the rapidity with which the different poisons present in the venom reached the blood stream. This conclusion was confirmed when he succeeded in separating two different poisons in black snake venom by their differing diffusibilities through his gelatin filter.
The M artin gelatin filter, which has played so useful and honourable a part in elucidating the problems of immunity, and incidentally enabled Harden and Young to make the first separation of co-enzyme in 1906, was made as follows. A hot 10 per cent solution of gelatin was poured through a Pasteur Chamberland candle and allowed to set, so that a membrane of gelatin was deposited in its pores. The excess of gelatin was removed later from the inside and outside of the candle by washing with warm water. This filter, when subjected to pressure of from 40 to 50 atmospheres, was found to hold back albumins, globulins, haemoglobin, other proteins and some dyes and to perm it slow passage of albumoses and peptones. Crystalloids passed as freely as water.
The black snake venom, when filtered, was found to have no action on dog's blood in vitro and, when injected into a living anim al, to cause death by intravascular blood clotting, but by respiratory paralysis. T he pseudechis venom therefore contained a t least two different poisons, a less diffusible, blood-clotting substance, precipitated by heating to 82 °C, and a more diffusible neurotoxin not precipitated by heat. If, therefore, the two poisons as present in the whole venom are injected simultaneously into a connective tissue space, the second, more diffusible one, will reach the circulation more rapidly and the anim al may succumb to its effects before the less diffusible constituent has arrived in sufficient concentration to be effective. W hen, however, the whole venom w ith its mixture of poisons is introduced directly into the blood stream, they produce their individual effects simultaneously and the anim al will succumb to the action of one or the other according to the relative amounts or potency of each and, in the case of the black snake, to the action of the blood clotting poison.
Antibodies to snake poison
The investigations on snake venom were continued into a study of the immunological relations between the venoms and their respective antivenenes. Here M artin came into conflict with Calmette who had made extensive researches on cobra venom and had succeeded in obtaining a satisfactory antitoxin. Calmette m aintained that the various constituent poisons in the venoms of different snakes which produced similar physiological effects were identical. M artin, however, was able to show that although the physiological effects were indistinguishable, the antibodies produced in immunization were specific for the poisons of the special species. W ith his colleague Tidswell, he showed that the serum of a horse vaccinated against the venom of the tiger snake contained a powerful antidote against that poison, but had no effect on the venoms of the three other Australian snakes with similar physiological action.
Issue was also joined with Calmette, Buchner and others who contended that neutralization of bacterial toxins with antitoxins and of snake venoms with antivenenes, could not take place in vitro but only , and that some vitalistic operation was involved for which the tissues of a living animal were needed. M artin and Cherry, in a long series of carefully designed tests, showed conclusively that these combinstions took place readily in vitro in an orderly m anner similar to that of a chemical reaction, influenced by tem perature, time of contact and relative concentration of toxin and antitoxin. Disregard of these variables, they showed, was the cause of the discrepancy between their results and those of the previous workers.
In these researches also the gelatin ultra-filter played an im portant part. Since it permitted the passage of the toxin but held back the larger moleculed antitoxin, the progress of the reaction between them could be studied and its time relations investigated. The difference in diffusibility of toxin and anti toxin explained the different effect observed when they were injected together intravenously or when they were injected subcutaneously, separately but simultaneously, at different parts of the animal's body. In the former case the effect was the same as if neutralization of the toxin had previously been obtained by contact in v i t r o ; in the latter, owing to the relativ of the antitoxin to reach the blood, 10 to 20 times as much antitoxin was needed to neutralize a given dose of toxin.
The application of these results to the treatment of human snake bite was obvious. It was clear that antivenene should always be injected as quickly as possible into a vein where it would be ready to receive the more rapidly diffusible venom. The value of M artin's researches with snake venom to the science of immunity is tersely and convincingly shown in the contribution he made to the discussion on immunity which took place at the Meeting of the British Medical Association at Oxford in 1904. In his opinion they represented his best scientific work.
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THERMAL EXCHANGE AND BODY HEAT REGULATION IN ANIMALS AND MAN
The interest in this subject which M artin developed in his early years in Australia persisted throughout his scientific life and bore much fruit. While at Sydney he became attracted to the study of several species indigenous to the Australian Continent, the marsupials and also the monotremes, those inter esting half-mammals, Echidna and Ornithorynchus known as the 'duck-billed platypus'. The behaviour of these animals under varying conditions of external temperature was the subject of an important paper communicated to the Royal Society and published in the Philosophical Transactions in 1902. It contains a fascinating record and illustrates the unusual quality of the author in the management of the wild animals used, the arrangement of the necessary apparatus, the completeness in the sequence of the experiments and the orderly presentation of the results; it is a model for this type of investiga tion. The results showed that the reaction of the monotremes to rise of external temperature lay in prompt lowering of their heat production up to a certain point. Above 35 to 37°C, Echidna could no longer maintain this response and succumbed. Its normal body temperature of about 28 °C rose by about 10°C when that of the environment was raised from 5 to 35°C, and it is therefore classed as the 'lowest in the scale of the warm-blooded animals'. Similar studies with lizards and with the cat and rabbit showed the contrast between the Echidna's performance and the passivity of the cold blooded lizard on the one hand, and the efficient control of body temperature exhibited by the true mammal on the other. M artin concluded that the birth of homoeothermic adjustment was achieved by a capacity to regulate heat production but that, in the higher mammals and in man, control depended to a greater extent on varying the heat loss by evaporation from the skin and by sweating.
The capacity of the human subject to increase his internal heat production in response to cold, as measured by the respiratory exchange, had been much investigated, with the general conclusion that for a clothed man the external temperature could vary between 10 and 25°G (50 and 77°F) without appreciable change in the production of C 0 2, but that below 10°G it was increased and shivering occurred. Some workers, however, had concluded otherwise. For example, Leonard Hill observed that after change from a warm laboratory to the roof of the London Hospital, with a cool breeze blowing, the mean oxygen consumption of eight clothed subjects was increased by about 40 per cent although there was no shivering. M artin, on the other hand, in experiments upon four subjects of which he himself was one, found that the oxygen consumption observed in a warm bed after a night's rest was increased by only from 9 to 17 per cent, when a cool breeze was allowed to play upon the naked body, the effect being greater with the thinner subject. When the experiment was extended to the point where shivering appeared imminent, the increase amounted to from 26 to 30 per cent.
In order to investigate further the response of m an's heat production to rise of external temperature, M artin took the opportunity of a voyage to Australia in the spring of 1923, to make daily measurement of his own resting basal metabolism, as the temperature changed from temperate limits to tropical heat and returned to temperate conditions once more on meeting the Trade Winds in the Southern Indian Ocean. The values thus obtained for the basal metabolic rate did not vary by more than 12 per cent with early morning temperatures ranging from 62 to 90°F, results which were similar to those obtained later by Gessler in 1925.
The application of his results to the problem of physical work in the tropics captured M artin's interest. Doubtless he was thinking of problems connected with agricultural development by the white man in Queensland and other tropical areas of his beloved Australia, and again he tackled the problem in personal experiments. At the Lister Institute, with characteristic ingenuity, he arranged a small room heated thermostatically with electric radiators and connected with a steam vent for controlling the moisture content of the air. In this chamber he took exercise on a bicycle brake-ergometer, so designed that exercise on it produced a constant rate of work. Wearing only thin pants, he found that if the reading of the wet bulb thermometer did not exceed 88°F he could work without distress at the rate of 1/10 h.p. (the rate usual for a navvy in a working shift) even when the dry bulb registered up to 101 °F. The effect of clothing, except possibly of a closely fitting porous garment which became wet and offered no hindrance to the evaporation of sweat, was seriously to interfere with the loss of heat by evaporation, and so cause danger from rise of body temperature. In his own words, 'the obstacle to work in hot climates is, for the European, as much a social as a physiological one. It is clothing. The coolie works with his nice brown body exposed and covered with sweat, and is jolly, whereas the white man distressfully labours in a hyperthermic condition, straining his heart to work a refrigerating plant which he has rendered inefficient, because his sense of dignity forbids him to expose his skin. ' The importance of atmospheric moisture in influencing loss of body heat was demonstrated with less personal exhaustion by experiments with the instrument which M artin called 'homunculus', a small cylindrical tin filled with water or kerosene and covered with a moistened layer of butter muslin. When the internal temperature was kept constant, at 100°F, by means of a resistance coil carrying an electric current, it was found that with a constant air flow the heat loss from the moist surface, measured by the energy needed to maintain the internal temperature at 100°F, depended only on the reading of the wet bulb thermometer and was unaffected by changes in the dry bulb readings of as much as 12°F, from 85 to 97°F. A more elaborate and fundamental study of the laws governing the heat loss from a sweating body was made with A. J . Canny of Sydney in 1929/1930. The losses by evaporation, convection and radiation from the cylindrical 'homunculus' with its moist cotton covering, was measured under widely differing conditions of air temperature and humidity and in winds of varying velocity. With the use of a simple but lengthy formula, for which values were needed only for the wet and dry bulb atmospheric temperatures, the wind speed and the internal temperature of the cooling body, it was found possible to predict the rate of heat loss from a moist body in any environmental conditions. The absolute quantities obtained were applicable only to the system used, but there was hope that the principles revealed would have useful practical application.
The clothing of the ordinary soldier in hot weather and the protection afforded by his head-gear was also M artin's concern. In the first World War, when he was stationed at Rouen, his sergeant describes how the Colonel on a grilling day started to investigate the state of ventilation in the hats worn by the Australian Army. Holes were punched at different levels in the hat as worn by the Colonel, and standard maximum and minimum thermometers were inserted, while his sergeant read the anemometer and the wet and dry bulb thermometers.
The effects of direct sunshine on heat production were studied with some difficulty, owing to the limitations imposed by the English climate, on the roof of the Lister Institute in the summer of 1928. A special apparatus was designed in which the exposed surface varied from white blotting paper and various clothing materials to an area of skin on the backs of blonde, brunette or coloured human types. The figure for the energy reflected, subtracted from that for the total energy of the direct sunshine, both measured electric ally, yielded a value for the fraction absorbed by the exposed surface. It was found that about 60 per cent was absorbed and converted into heat in the naked skin of the ordinary European and about 40 per cent lost by reflection. With a dark-skinned Indian the proportion absorbed was about 80 per cent. The total energy from the sun at an altitude of 45° and with a clear sky is calculated to be about 4000 calories per minute. When, therefore, about 3/4 of that amount is absorbed, the heat normally produced in the body is increased about 4-fold. T hat result, M artin pointed out, would explain how it is that well-pigmented children at Alpine Sanatoria can run about naked in the snow with an air temperature below freezing point, if they are in the sun and there is no wind.
M any of the results of his work on thermal adjustment were incorporated into the Presidential Address and other communications given by M artin to the Sydney Meeting of the Hygiene Section of the Pan-Pacific Congress held in Australia in 1923, when the feasibility of using white labour in the tropics and of work in hot mines were discussed. A general account of his own work on the whole subject, with a critical review of that of others, is presented in the Croonian Lectures delivered to the Royal College of Physicians in June 1930. 192 Biographical Memoirs
THE EPIDEMIOLOGY OF BUBONIC PLAGUE
At the beginning of the present century the appearance and spread of bubonic plague in India were causing great concern to the authorities. The disease, long endemic in Arabia, Siberia and China, had infected Hong-kong and thence had spread rapidly along the eastern trade routes and reached Bombay. In the autum n of 1904 the India Office approached the Lister Institute for advice as to means by which the disease could be controlled. In reply the Director suggested that more precise knowledge of the ways in which the infection was carried would be the best guide for framing measures to prevent its spread. As a result, the Advisory Committee for Investigation of Plague in India was formed, with two members nominated by the Royal Society, one by the India Office and two by the Lister Institute. This small and unconventional body which set to work immediately had the responsi bility of appointing investigators, of deciding the plan of campaign, of super vising the work, and of administering the costs.
Four investigators were appointed, two to go from England and two to be selected from the Indian Medical Service, who should carry out the necessary laboratory and field studies. It was decided that, in order to arrange the scheme of work, the Director of the Institute should proceed to India without delay and in M arch 1905 M artin travelled to Bombay, where he remained for several months. He was followed by Drs Petrie and Rowland from the Institute's staff and they were joined by Captains Lamb and Liston who were seconded for this special research by the Government of India, which arranged for laboratory facilities at the Parel Institute in Bombay.
When M artin returned to London in the autumn of 1905 the research had been organized and a good beginning had been made. The work lasted on the same scale for about three' years, at the end of which the results of the experimental and field work left no possible doubt that the origin of bubonic plague in man lay in a rat epizootic and that the infection was conveyed to man from the sick and dying rat by the agency of rat fleas. There was no evidence that bubonic plague, unlike the pneumonic type, was spread by direct contact from rat to rat or from man to man. The bite of the infected flea was the only means of infection discovered. The full results of the wellconceived and fruitful investigation were published in several special supple ments of the Journal of Hygiene issued from 1907 to 1914.
It was known that viable plague bacilli were present in the faeces of infected fleas and that the infection could enter the skin of the new host through the wound made by the pricker or be rubbed in by scratching. A further mechan ism by which the flea transmits the infection was shown in a brilliant and dangerous series of tests carried out later in the laboratories Of the Lister Institute by M artin with the Institute's entomologist, A rthur Bacot. The plague bacilli in the stomach contents of infected fleas sometimes multiplied in the ingested blood to the extent of forming a solid mass of culture that completely blocked the blood sucking apparatus. In subsequent attempts of the hungry insect to suck, regurgitation occurred along the proboscis which was firmly fixed under the skin of the host, so that plague bacilli were success fully introduced into the blood stream.
The application of the results to the control of plague lay obviously in efforts to destroy the rat population in the crowded Indian cities and villages and thus to remove the source of infection from the human inhabitants. This work of prevention had been already well organized during the main period of the Commission's work in Bombay but in January 1908 M artin paid another visit to confer with the authorities on the ways in which this could be continued and to make arrangements for further field work in Bombay City and other towns in the Presidency. Research on the preparation and value of plague vaccines was to be carried on in Bombay and also in the plague laboratory of the Lister Institute which was successfully isolated at Elstree, by Rowland who with Petrie had returned from India in the spring of 1908.
A later investigation of limited scope but of considerable interest followed the appearance, in an East Suffolk village in the autumn of 1910, of cases of an atypical fatal pneumonia, diagnosed as pneumonic plague. A survey of local wild rats made by M artin and Rowland revealed signs of plague infection and it was surmised that plague infected rats, escaped from some ship travelling from the East, had traversed the waterways of our East Coast and carried the infection with the possible aid of cats or other domestic animals. A mysterious illness with several deaths had taken place some months before in a nearby village and this in retrospect was diagnosed as bubonic plague. It was supposed that the first case in the later outbreak had been of that type and that the pneumonia had been a secondary development not uncommon in man and animals suffering from bubonic plague.
These events led to a survey of the fleas infesting rats and other wild mammals in England. Fleas were collected from their chloroformed hosts and tested for their ability to bite man. O f the two types of fleas infesting the field rat Mus d e c u m a n u s , one, Ceratophyllus f a s , was found subject eagerly if hungry. In tropical climates the flea infesting Mus rattus (the black rat) as well as Mus decumanus, is usually Xenopsylla cheopis, which was acknowledged to be the carrier of bubonic plague to man.
Later work by M artin and Bacot on the influence of climatic conditions on Xenopsylla cheopsis showed that when away from its host and with external temperature constant, the survival was inversely proportional to the dryness of the air; with the latter constant the length of life was about halved by a rise of temperature of 10°C. The results led to the im portant conclusion that a range of temperature and air moisture, such as occurs in North India, might determine by 30-fold the longevity of wandering fleas. Such differences in the time available for a plague-infected flea to find a new host might therefore determine the persistence or subsidence of an epidemic.
CHEMICAL AND PHYSICAL PROPERTIES OF PROTEINS

Heat coagulation
Work on the mechanisms involved in the heat coagulation of proteins followed naturally on a study of the laws governing disinfection, made by Harriette Chick under M artin's direction. It had been found that the killing of bacteria by different germicides or by hot water was an orderly time process analogous with the course of a chemical reaction. If external condi tions, such as temperature and reaction of the medium, remained constant and the bacterial population was uniform in composition (as for example in a collection of anthrax or other spores in which the more weakly members had been killed previously by heating to from 70 to 80°C) the process of dis infection proceeded in accordance with the Mass Law and the number of organisms killed in unit time was proportional to the concentration of the survivors. The velocity of the process was influenced by rise of temperature in a regular manner in accordance with the law of Arrhenius, the temperature coefficient being generally higher than is usual in most chemical reactions and, for disinfection of some species with hot water, reaching the high figure of over 100 for a 10°G rise. The occurrence of such high temperature co efficients explained the prevalent, though erroneous, conception of a thermal death point for bacteria, since sterilization was observed to occur suddenly when infected solutions were gradually heated.
So mechanistic a view of disinfection evoked much opposition, the prevail ing opinion being that the gradual death of a collection of micro-organisms, when exposed to the action of germicides or hot water, was an expression of the differing resistances of the individual microbes, distributed according to the laws governing biological variation. The time relations of the process could not, however, be harmonized with this view and the death of bacteria when exposed, for example, to hot water was better explained as a reaction between the constituent proteins of the bacteria and the water. Since one reagent, the water, was present in great excess, the process would progress as a reaction of the first order, the rate of destruction at any point of time being dependent on the mass of the survivors.
It was to test this theory further that an investigation of the heat coagula tion of pure proteins was undertaken. W ith Harriette Chick as co-worker, a long series of tests were made with crystalline samples of haemoglobin and egg-albumin. The concept of a coagulation temperature for proteins was shown to be as erroneous as that of a thermal death-point for bacteria. The perfect solubility retained by the two proteins after exposure to dry heat at from 110 to 130°C showed the process to be a reaction between the protein and water which was greatly accelerated by rise of temperature. For haemo globin and egg-albumin the coefficients were, respectively, about 14 and over 600, for a rise of 10°C. W ith haemoglobin the reaction followed the Mass Law with fair agreement; with egg-albumin the rate fell off as the reaction pro ceeded. The discrepancy was found to be caused by changes in the medium as acid was withdrawn from it by the coagulum, or in modern terms, to changes in the pH of the solution. Attention was therefore given to the hydrogen ion concentration of the solutions and these tests must be regarded as among the first in which determination of pH was used in biological work. They were achieved with the help of Dr N. Wilsmore, then Lecturer in Physical Chemistry at University College, London, who advised on the making of a suitable apparatus and on how to use it. Compared with the convenient 'box of tricks' provided for the present day student, the apparatus, chiefly home-made, was complicated and clumsy, but it permitted accurate estimation of hydrogen ion concentration, if in a laborious manner. It was before the time when use of buffer solutions was a laboratory commonplace but the maintenance of a constant pH during the process was achieved by working in a saturated solution of a weak acid or weak alkali of low solubility. W ith excess of boracic acid the acidity was kept constant at pH 3 • 1; more alkaline solutions were maintained constant at pH of about 9 • 7 with excess of magnesium oxide. When the pH was thus controlled, coagulation of eggalbumin was found to proceed according to the Mass Law, the rate of change at any time being proportional to the concentration of unaltered protein.
H eat coagulation of proteins had, however, to be regarded as a combina tion of two separate processes; denaturation through the action of hot water, by which the nature of the colloidal solution was altered, and precipitation which occurred only under favourable conditions depending on the reaction of the medium and the presence of electrolytes. The dispersion of the de natured protein persisted when the conditions were not suitably adjusted for precipitation and was due to the possession by all the particles of a similar electric charge which prevented their coalescence. When the charges were neutralized, as at the iso-electric point in weakly acid solution, precipitation occurred if the dispersion was not too great. The sign of the electric charge carried by the dispersed particles could be determined under the microscope with dark-ground illumination, in a primitive home-made cell through which an electric current was passed. With the help of these primitive observations on cataphoresis, the effect of different electrolytes in conferring a negative or positive charge, and thus assisting precipitation or causing dispersion, was found to be connected with the charge carried by the more potent ion of the salt. Thus lanthanum nitrate was found to be most potent in assisting pre cipitation of denatured protein dispersed by excess of alkali, and sodium citrate when the dispersion was due to excess of acid.
Salting-out of proteins
The study of antitoxins was an im portant part of the work of the Institute, especially for the scientific staff attached to the Serum Department at Elstree. Among other subjects investigated was the purification of antisera. Great efforts were made to achieve separation of the protein fraction to which the antibody was attached so that in its clinical use the amount of foreign protein injected might be as small as possible. Salting-out with various high concentra tions of sodium chloride and ammonium sulphate was the method then used.
A series of quantitative experiments with pure crystalline egg-albumin showed how the amount precipitated was conditioned by the concentration of the salt, the concentration of the protein, the hydrogen ion concentration and the temperature. Precipitation of the protein occurred with a separation of the system into two phases, a protein-rich phase which was precipitated and a watery phase which remained in solution. W ater, salt and protein were present in both phases but the proportions were different and with appropriate conditions only a trace of the protein remained in solution. The process was found to be extremely sensitive to changes of hydrogen ion concentration in the neighbourhood of the iso-electric point, where slight changes increased the amount precipitated from a negligible quantity to almost the whole of the protein.
The elucidation of the principles involved in these processes roused M artin's interest and imagination and, with Harriette Chick, several investigations were made to determine the physical state in which the different protein fractions existed in colloidal solution in serum and in particular the degree to which their molecules were associated with water. A course of lectures on colloids was at that time being given by Dr Emil Hatschek at the Sir John Cass Institute and on one night a week M artin made the journey to Aldgate to attend the lecture and do practical work under Hatschek's direction.
Studies of the viscosity of colloidal solutions of the purified proteins, in varying concentrations and at different temperatures, proved fruitful. From viscosity tests on thick emulsions of oil and water Hatschek had derived a simple formula which gave an expression for phase-ratio in terms of viscosity and with which it was possible to calculate the relative volumes of the protein (dispersed) phase and of the water (continuous) phase, in the more concen trated solutions of protein employed. The values calculated for the volume occupied by lg of the various proteins when in solution proved to be satis factorily constant for each protein and varied from 9*3 ml. for sodiumcaseinogenate to 2*3 ml. for egg-albumin. The solution volume of the protein, reckoned from the density of its solution, being taken as 0 • 7 ml. the volume of water in mis taken up by lg of the protein in the formation of colloidal solution at 25°C, was found to be 8*6 for sodium-caseinogenate, 1*6 for egg-albumin, 2*1 for serum albumin, 3*8 for 'pseudoglobulin' (j9-globulin) and 5*8 for 'euglobulin' (y-globulin). These results throw an interesting light upon the sequence followed in precipitation of serum proteins by neutral salts. The eu-or y-globulin, as the protein needing most water for its colloidal solution, was driven out first as water was withdrawn by the salt; a higher concentration of salt was needed to throw out the pseudo-or j8-globulin, while the albumin which appropriates relatively little water was the last to be precipitated.
NUTRITION
M artin's interest in the 'newer knowledge of nutrition' was aroused about 1909 by a correspondence with his old friend Leonard Braddon who was a medical officer in the Federated Malay States. The subject was the causation of beriberi, a disease which at the time had reached alarming proportions in that country. Although the symptoms of the disease were strongly suggestive of an infection by some slow acting parasite, Braddon, on the basis of many years' study, had reached the conclusion that the malady was nutritional in origin and due to the consumption of a diet composed too exclusively of machine-milled polished rice. The idea that beriberi might be due to defective nutrition was so much opposed to current medical ideas that Braddon met with no success in his efforts over several years to get unmilled or parboiled rice substituted for polished rice in Government controlled institutions such as asylums and jails. He had observed that beriberi did not affect the Tamil coolies who ate their rice in the parboiled or 'cured' state, whereas the Chinese workers who consumed machine-milled white rice were frequent victims. Christian Eijkman had previously come to a similar conclusion as to the connexion of beriberi with white polished rice in the Dutch Indies, but his researches had been published in local journals in the Dutch language and had been unknown to Braddon and other British investigators.
Braddon's appeal for help in further investigations met with a ready response from M artin, who recognized nutrition to be an appropriate subject for study in an institute devoted to preventive medicine. From that time for over 30 years its importance continued to be recognized. M artin invited Braddon to work at Chelsea and with E. A. Cooper, who held a Beit Fellow ship, he repeated and extended the work of Eijkman and Grijns on poly neuritis of birds, which was accepted as the analogue of human beriberi. The first experiment on vitamins to be made at the Lister Institute in 1910 showed the presence in parboiled rice of the protective substance, and that it was soluble and could be dissolved out by soaking in cold water. This result explained the immunity from beriberi of the Malayan Tamil coolies. A quantitative study, based on determination of the minimum protective dose for birds fed on polished rice, was made of the distribution of the pro tective substance in rice polishings, yeast and many common foods, and the principle was established that the size of the dose was related to the magnitude of the total calorie intake and more especially to the proportion of the calories provided by carbohydrate. At the same time Casimir Funk, at work in the Biochemical Department of the Institute, was attempting to isolate the pro tective substance from rice polishings and yeast. Although he obtained highly potent concentrates, the antineuritic vitamin eluded him and his final product turned out to be not thiamine but nicotinic acid.
M artin followed these researches closely with help and advice. Not long afterwards, in 1915, when attached to the 3rd Australian Hospital at Lemnos, his experience was utilized in a dramatic manner, for it enabled him to diagnose as beriberi an obscure disease which had appeared in the hospitals in that area and had baffled the army physicians. In this instance beriberi had developed on a diet consisting chiefly of white bread and tinned, sterilized meat. This circumstance gave a new impetus to nutritional work at the Lister Institute which throughout the First World W ar acted as an important base for the needs of its staff serving abroad. More exhaustive tests were made on the quantitative distribution in foods suitable for trans port of the antineuritic vitamin, afterwards known as vitamin Bx. Supplies of dried eggs and dried yeast were dispatched for use in the hospitals of Lemnos and in due, if rather belated, course, a 'soup square' containing enough yeast extract to provide a daily protective dose of the vitamin was issued to troops in the Middle East.
The researches at the Institute were extended to similar studies on the antiscorbutic vitamin in efforts to combat the scurvy which had broken out in the armies in Mesopotamia and also to provide, for infants fed on proprie tary foods, substitutes for orange juice.
During the aftermath of the war the Lister workers were stirred to fresh enterprise by reports of the prevalence of nutritional deficiency diseases, scurvy, osteomalacia and rickets, in Central Europe and more especially in Austria. In 1919 M artin arranged for a small mission from the staff to proceed to Vienna where the opportunities for study were found to be un usually favourable. It was realized that severe food scarcity has the some what dubious advantage of providing naturally occurring negative controls which in conditions of plenty are not available for human experiment. The mission, composed of women led by Dr Harriette Chick and Dr Elsie Dalyell of Sydney, was sponsored jointly by the Lister Institute and the Medical Research Council. It was soon able to show that the result of laboratory work with animals on the newly discovered vitamins applied equally to the analogous human diseases. The cause of rickets in defective nutrition and its prevention and cure in an identical manner by a fatsoluble principle in food or by the effects of sunlight, were conclusively proved. M artin's warm and continued support was very heartening to those engaged in this work abroad, for it did not escape criticism from authorities who held other views as to the etiology of rickets. A visit to the Vienna Mission made in company with Sir Walter Fletcher provided a special flow of inspiration for the investigations. M artin's interest turned to the problem of the causation of pellagra known by the work of Goldberger and his colleagues to be nutritional in origin and associated with the consumption of maize as a staple article of diet. Its etiology, however, remained obscure. There was considerable evidence connecting the disease with a qualitative defect in dietary protein, an attrac tive theory since about half the protein in maize consists of the imperfect protein zein. M artin embarked on a series of experiments on himself, always his subject of preference, and on his colleague Robert Robison, in order to determine the biological values of the proteins contained in different foods. The methods used by Karl Thomas ten years earlier were followed and the nitrogen balance was determined on diets providing protein in the form of wheat or milk. The work had been planned to afford a comparison between these foods and maize, but before experiments on the latter could be made, the not too strong digestions of the two experimenters had broken down by reason of the rigorous nature of the tests. In order to obtain the necessary figure for endogenous nitrogenous expenditure the subjects had to subsist on a nitrogen-free ration for 6 to 7 days, until the nitrogen excretion had reached a steady minimum. The technique of these tests has generally been accepted as a model for this type of work and, although the original aim of the research was not fully achieved, useful and consistent figures were obtained for the daily nitrogenous loss in man due to wear and tear of his tissues. This loss proved to be from 2 to 2 • 5 g nitrogen daily, or about 0 • 04 g per kg body weight, in the urine and about 1 g in the faeces. This work, together with the investigations on vitamins carried out by the Lister workers in the previous years, was included in a series of lectures given in Melbourne during M artin's visit in 1923, at the request of the Melbourne Permanent Committee for Post Graduate work.
M any years later, when living in nominal retirement at Cambridge, M artin returned to the challenge of pellagra. For several years the nutritive value of maize had been studied by H arriette Chick and her colleagues in the Division of Nutrition at the Lister Institute, but with little success. No nutritional defects in maize diet could be detected in trials with small labora tory animals such as mice and rats. Another experimental animal was needed. The pig seemed most suitable, as being omnivorous in habit and having digestive arrangements similar to those of man. The regulations of the London County Council prohibited the housing of pigs at Chelsea, but M artin offered 'to look after a few pigs at Cambridge'. The work, carried on at the Department of Animal Pathology from 1936 to 1938, developed into a some what extensive investigation of the protein and vitamin requirements of swine, in which M artin took over more than his share of the hard routine work. In addition to the 'pellagra' diet composed chiefly of maize, rations containing wheat as a staple diet were used, as well as synthetic diets of purified ingredients. At this period only vitamin Bx and riboflavin were obtainable in a pure state and concentrates of other members of the vitamin B complex as well as many necessary purified materials, were prepared at Chelsea. The very onerous clinical work was, however, shouldered by M artin himself with his usual meticulous efficiency. Sometimes the experiments were carried on into the winter and when his assistant fell ill and he 'had to do all the work', he confessed that feeding pigs in the cold and wet and dark was 'a tough job for an old m an'. Nevertheless it was done and no detail omitted.
Pig 'pellagra', different in some ways from the human disease but no less deadly, was consistently developed on the maize diet and prevented and cured by yeast or a protein-free yeast extract. When in 1937 nicotinic acid, abundantly present in yeast, was found by Elvehjem and his co-workers to cure black-tongue in dogs, the acknowledged canine analogue to pellagra in man, it was found to be equally potent for pellagrous pigs. Pig No. 18, a miserable, almost moribund 'runt' with severe dermatitis and paralyzed muscles of its hind quarters, was transformed to a rosy healthy specimen of the 'Large W hite' pig by addition of a daily ration of nicotinic acid without any other change in diet. She has become, perhaps, the most famous animal in pig literature and her portrait figures in many text books on nutritional and veterinary science.
W ith the use of synthetic diets, study was made possible of the pig's require ments for members of the vitamin B complex other than vitamin B1} ribo flavin and nicotinic acid. When the concentrates now known to contain pyridoxin were withheld, the pigs developed fits and a microcytic form of anaemia; in absence o f'filtrate factor' now known to supply pantothenic acid, the pigs developed a flaccid palsy of the hind limbs.
Immediately after retirement from the Lister Institute and during his second period of service in Australia the science of nutrition again absorbed M artin's energies. Here the dietary requirements and nutrition of sheep were the natural pre-occupation and research in this direction was originated and furthered.
The spectacular response made by cattle in South Africa to the provision of supplements of bone meal had excited great interest among Australian graziers. However, access to phosphatic licks in regions where the soil was unusually poor in phosphorus had shown a poor response in growth of lambs and production of wool, in comparison with the results obtained when similar pastures were top-dressed with calcium superphosphate. The bones of lambs from the phosphorus-deficient pastures were small, light and porous but without signs of deranged bone formation. It seemed therefore that the defective growth was due not merely to lack of phosphorus but to some additional nutritive stress from which the animals had suffered. O ther serious mineral deficiencies, notably of copper and cobalt, are now known to exist in some Australian pastures and a deficiency of digestible protein usually accompanies that of phosphorus under natural grazing conditions. As a first step in exploring the mineral requirements of sheep, M artin, with his colleague A. W. Peirce, made an experimental study of the effect, on growth and wool production, of uncomplicated phosphorus deficiency. The other wise complete ration contained adequate digestible proteins and vitamins.
The results showed a check in growth but the pathological changes were confined chiefly to the bony tissues, causing osteoporosis and osteomalacia in the sheep and occasionally rickets in the lambs. There was no diminution in the quantity or quality of the wool. The other ill-effects observed in lowphosphorus pastures were therefore to be attributed, at least partly, to an insufficiency of the protein required as a vital need for the nutrition of growing, gestating or lactating and wool-bearing sheep.
MYXOMATOSIS
The research covered the epidemiology as well as the pathology of myxo matosis since one aim of the investigation was to explore the suitability of the virus 'for control of rabbit plagues', the main interest of the work lying in the possibility of benefit to the agricultural economy of Australia. T hat possibility has been fully realized, although at one time it seemed as if successful transmission to rabbits in the wild state would not be achieved.
The two strains of myxomatosis virus which were used came originally from D r Aragao of the Oswaldo Cruz Institute in Rio de Janeiro, but one, of greater virulance, had been cultivated for many years by Professor Shope of Princeton, U.S.A. The disease was first observed in 1895 by Sanarelli in laboratory rabbits at the Hygienic Institute at Montevideo and had since spread among rabbit fanciers and to laboratories in other towns in South America and California. The infection was apparently limited specifically to the European rabbit (Oryctolagus) , and rarely if ever infected th cotton tail rabbit ( S y l v i l a g u s)or other wild or domesticated animals. Sanarelli was unable to discover any micro-organisms in the blood or pathological lesions of the sick rabbit and concluded that the disease was caused by an invisible virus.
According to M artin's observations, among the first signs were a discharge from the eyes with severely swollen eyelids, followed by severe swelling of the nose and muzzle, and of the skin and mucous membrane at the anal and genital openings. Sometimes small subcutaneous tumours developed later, chiefly on the ears. The blood and the mucinous fluid from the lesions in the mucous membrane as well as from the broken skin over the tumours were all found to be highly infective. With such an abundance of infective material on the surface of the diseased animal it was likely that infection would spread readily by contact, as proved to be the case if the contact were close enough. Infection by air might also easily occur at a short distance through the sneezing and violent respiratory movements made by the sick animal to over come nasal obstruction. The malady was almost invariably fatal, death usually occurring in a few days.
Aragao had tried to spread the infection by fleas which had fed on a diseased rabbit but positive results were rarely obtained. M artin observed that the flies, frequent in the animal house in warm weather, were attracted by the superficial lesions on the sick animals and would consume the liquid and dried exudate when the animal was too ill to protest. Such flies were found to contain the living virus, but the disease spread only rarely from sick to healthy rabbits if their respective cages were more than 6 inches apart. This result made it unlikely that the virus could be disseminated through the air. Close contact between sick and healthy rabbits was, however, found very effective for spreading the infection.
Between 1934 and 1935 a series of trials was made in a large compound, surrounded by double fencing of wire netting, situated in the centre of a paddock grazed by cattle at the Cambridge Institute of Animal Pathology. After a rabbit infected with myxomatosis was introduced among a group of 30 to 50 healthy rabbits already settled in the compound, the start of an epizootic was noticed in from 2 to 3 weeks; it spread slowly at first but rapidly later and the colony was usually wiped out in from 2 to 3 months. In two experiments with wild rabbits there were no survivors out of a total of 54 original inhabitants and 15 families born in the compound.
The experiments just described were followed by field trials on the rabbit infested island of Skokholm, off the coast of Pembrokeshire, where R. M. Lockley the owner was anxious to restore to pasture a barren area of over 200 acres. The rabbit population was calculated to be about 10 000 and, in three successive summers, 1936, 1937 and 1938 , rabbits inoculated with the virus were introduced in the hope of starting an effective epizootic. In each instance there was some evidence that myxomatosis had spread and dead rabbits were found lying in the open, but by the following spring there was no trace of the disease or of reduction in the rabbit population. Similar results were obtained from field trials in relatively barren areas of Australia infested with rabbits and it is probable that in some way, in natural conditions, direct contact between sick and healthy animals is not close enough to maintain an epizootic. The sick rabbits were usually found dying on the open ground; they might have left the burrows by instinct when ill or have been driven out by their companions.
The natural spread of the disease in recent years in more fertile districts of Australia and in Sweden, France and England must be attributed to the agency of insects. In Australia mosquitoes are known to have acted as carriers and in England fleas are supposed to be implicated. In the semi-natural conditions of M artin's field experiments the contact between the animals was very close, from 30 to 50 being confined in a burrowed space of 500 square yards. During the experiment he is reported to have spent evenings reading near the compound in order to detect the presence of mosquitoes or gnats which might have been involved in the spread of the infection but he satisfied himself that the spread there was due to contact alone.
Immunological studies
M artin was the only investigator of myxomatosis fortunate enough to possess a few rabbits which had survived an attack. In his hands about 4 per cent from those infected with a strain of low virulence recovered and from over 200 affected with a virus of high virulence there was one survivor. The survivors were immune to further infection with myxomatosis and could breed. They produced 35 young but only two survived. The two, a buck and a doe, with their family, finally succumbed to infection by contact, showing that 'the immunity of recovered animals is not transmitted to their offspring to a sufficient extent to militate against the effectiveness of myxomatosis as an agent for destruction of rabbits' (M artin 1936) .
The origin of myxomatosis is something of a mystery. It was first observed in America where it affected only the European rabbit and yet had never been recorded in Europe. In 1931 Shope discovered a fibroma in wild cotton tail rabbits and showed that it was caused by a filterable virus. This virus could infect also the European rabbit, which if it survived, as it often did, be came immune to infection by myxomatosis. M artin confirmed that immunity to myxomatosis could be thus established, and was able to demonstrate also the reverse reaction by which his few rabbits that had recovered from myxo matosis proved to be immune to infection by the Shope fibroma. This addition al antigenic connexion had not been known previously because no previous worker had possessed an animal which had recovered from myxomatosis.
Shope suggested that the two viruses were originally identical or possessed a common ancestor, and that the fibroma virus might have been developed from the myxoma virus by prolonged passage through the cotton-tail rabbit, by some process similar to that by which the virus of variola is converted to that of vaccinia by passage through the calf. Alternatively, it was possible that the fibroma virus having somehow spread to the domesticated European rabbit in South America, had undergone mutations which conferred upon it an enhanced virulence for the European rabbit and a loss of power to over come the resistance of the cotton-tail.
A further connexion between the two viruses had been shown by the experiments of Berry and Dedrick, in which the myxoma virus, inactivated by heating to 60°C for 30 minutes, had recovered its capacity to cause myxomatosis in common rabbits if mixed with an emulsion of fibroma virus. Moreover, the resulting myxoma virus retained its virulence in sub-culture. M artin interpreted the results of Berry and Dendrick in the suggestion that the heated myxoma virus, though inactive, was not necessarily dead but had possibly lost some constituent essential for its attack which was supplied to it again by the antigenically related fibroma virus. 'Myxomatosis follows the injection of the mixture, not because the virus of fibroma is transmuted into the virus of myxoma, but because a damaged myxoma virus is rehabilitated by the agency of the virus of fibroma or products of its disintegration' (M artin [1934] [1935] .
